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 DQG VKHDU DUH GLIIHUHQW EHWZHHQ QXPHULFDO DQG





  r   r   r 
7   
7   





















































°    d° °  ®






















WRUHDG WKHHOHPHQWVHTXLYDOHQWVWUDLQVDW WKH LQVWDQWZKHQ WKH ORDGGURSVKRXOGRFFXU7KLVVWUDLQYDOXHKDVEHHQ
XVHGWRGHILQHWKHIDLOXUHVWUDLQWXQLQJWKH-&DQG%:FRQVWDQWV7KHFKRLFHRIWKHIDLOXUHPRGHOKDVEHHQPDGH
GHSHQGLQJ RQ WKH IDLOXUH OLPLWV GHILQHG ,Q IDFW -&PRGHO VKRZV D GHFUHDVLQJ WUHQG RI WKH HTXLYDOHQW VWUDLQ WR
IUDFWXUHZKLOH%:LV UHSUHVHQWHGE\KLJKHU OLPLW LQ WHQVLOH WKDQ LQVKHDU&RQFHUQLQJ WKHFRPSUHVVLRQ OLPLW WKH
WUHQGKDVEHHQVXSSRVHGSURYLGLQJYHU\KLJKYDOXHVRIVWUDLQOLPLWV

x  B Bf tensile f shearH H Æ-&IDLOXUHPRGHO)LJ
x  B Bf tensile f shearH H! Æ%:IDLOXUHPRGHO)LJ
,Q WKH IROORZLQJSLFWXUHV )LJ  LW LV SRVVLEOH WR REVHUYH WKH VWUHVV WULD[LDOLW\ DQG WKH HTXLYDOHQW VWUDLQ WR
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IDLOXUH LQ WKH)(VDPSOHV2QWKH OHIW LVVKRZQWKHUXQZLWKRXWIDLOXUHFDUGQRUXSWXUHVRFFXUDQG WKHHTXLYDOHQW
VWUDLQ WR IDLOXUHKDVEHHQ H[WUDFWHG DFFRUGLQJ WR WKH H[SHULPHQWDO GDWD7KHSLFWXUHV DOVR VKRZ WKHGLIIHUHQFHV LQ





























VWUDLQ YDOXHV LQ)($ ,Q D IXOO YHKLFOHPRGHO D FRDUVHPHVKVL]H LV QHHGHG WR UHGXFH WKH FRPSXWDWLRQDO WLPH 





7KLV SDSHU DLPV DW GHILQLQJ D PHWKRGRORJ\ LQ RUGHU WR SUHGLFW WKH DOXPLQXP IDLOXUH LQ DXWRPRWLYH FUDVK
DSSOLFDWLRQV7KHDFWLYLW\KDVEHHQGHYHORSHGLQFROODERUDWLRQZLWK)HUUDUL6SDDQGLWLVDSUHOLPLQDU\SKDVHRID
ZLGHSURMHFWWKDWDLPVDWUHILQLQJWKH)(PRGHOVXVHGLQFUDVKDQDO\VLV
3UHGLFWLYLW\ LQ WKH IDLOXUHRI WKHDOXPLQXPDOOR\VXVXDOO\ UHTXLUHVDKXJHDQGGHWDLOHGH[SHULPHQWDOFDPSDLJQ
7KHSUHVHQWZRUN WULHV WRSURYLGH D VLPSOLILHGPHWKRGRORJ\EDVHGRQ D OLPLWHGQXPEHURI H[SHULPHQWDO WHVWV ,Q
H[WUDFWLQJWKHVSHFLPHQGLUHFWO\IURPWKHILQDOFRPSRQHQWVLWLVSRVVLEOHWRFRQVLGHUWKHPDQXIDFWXULQJHIIHFWGXULQJ
WKHFRUUHODWLRQV,WKDVEHHQDOVRQRWLFHGWKDWH[WUXGHGFRPSRQHQWVPDGHE\WKHVDPHDOXPLQXPDOOR\EXWVXEMHFWHG
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8QLD[LDO WHQVLOH WHVW DQG VKHDU WHVW KDYH EHHQ SHUIRUPHG LQ RUGHU WR GHWHUPLQDWH WKH HTXLYDOHQW VWUDLQ WR IDLOXUH
'HSHQGLQJRQWKHWHVWUHVXOWVDIDLOXUHFULWHULRQKDVEHHQFKRVHQWRGHILQHWKHIUDFWXUHORFXVFXUYH8VLQJWKH-&
DQGWKH%:HTXDWLRQVLWKDVEHHQSRVVLEOHWRVXSSRVHWKHZKROHIUDFWXUHORFXVSODQHPL[LQJVWDWHOLPLWVKDYHEHHQ




KDYH EHHQQXPHULFDOO\ YDOLGDWHG%RWK FULWHULD DUH SRWHQWLDOO\ FRQYHQLHQW IRU QXPHULFDO VLPXODWLRQ LQ DXWRPRWLYH
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FDVWLQJV )XWXUH GHYHORSPHQWV GHDO ZLWK WKH PRGHOLQJ RI WKH UHVLGXDO SODVWLF VWUDLQ DIWHU PDQXIDFWXULQJ DQG WKH
DXWRPDWL]DWLRQRIWKHFRUUHODWLRQSURFHVVE\XVLQJRSWLPL]DWLRQWHFKQLTXHV
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